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The inspection head component 90 of a mani- 
pulator 30 employed in the inspection of the 
interior surface of a nudear reactor vessel 12 is 
aligned to an optimum orientation when posi- 
tioned at a local surface 110 to be inspected. 
This alignment is carried out by generating 
ranging information with respect, to the local 
surface 110 using ranging ultrasonic transduc- 
ers 100-103 positioned upon the Inspection 
head 90. The propagation interval of the acous- 
tic signal emitted by these ranging transducers 
Is timed and quantified to develop orientation 
enror signals. Such development Is earned out 
In conjunction with known values for the local 
surface being inspected and in conjunction 
with a sequence of data collection at this posi- 
tion. The inspection head 90 is pivotal ly moun- 
ted upon the manipulator 30 so as to be 
movable about at least two axes by inspection 
head positioning assemblies which may be pro- 
vided, for example, as stepper-motors and as- 
sociated translational movement components. 
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Background of the Invention 

Reactor vessels en^ployed in the nuclear Indus- 
try* as well as slnnllar vessels used with large Indus- 
trial facilities, in general, are fabricated as welded, 5 
curved plate structures. Typically, reactor vessels will 
be formed with longitudinal and circumferential seam 
welds, as well as nozzle welds and the like at their cyl- 
indrical or main body portions and with correspond- 
ing welds at their hemispherical top and bottom io 
heads. Because of the criticality of maintaining the 
structural integrity of power reactor vessels over their 
somewhat extended lifespans, regulatory agencies 
such as the Nuclear Regulatory Commission (NRC) 
require extensive examination of the welds and adja- is 
cent heat affected zones within predetermined inter- 
vals. Typically, non-destructive, in-service examina- 
tion and evaluation of the welded structures are car- 
ried out during scheduled shut-downs planned for 
such activities as refueling and the like. 20 

Because such planned shut-downs involve a 
power production outage, the efficiency of their exe- 
cution is most important to industries. However, the 
weld Inspection procedure Is complex, requiring con- 
trol over worker radiation exposure, and thus calling 25 
for remotely controlled examination systems which 
themselves must be capable of operating within the 
environment of gamma radiation. Where boiling-wa- 
ter reactors (BWR) or pressurized-water reactors 
(P\/VR) are the subject of Inspection, advantages 30 
have been recognized for an internal approach 
wherein the water media within the reactor vessel or, 
additionally, that within the refueling cavity, serve to 
isolate personnel from radiation originating from the 
nudear fuel. Remotely controlled manipulators gener- 35 
ally are employed to physically move and position in- 
spection heads or search units carrying ultrasonic in- 
spection transducers and/or eddy-current probes or 
transducers and the like to positions adjacent to the 
various vessel weldements and surfaces. Ultrasonic 40 
test (UT) and/or eddy-current based examinations 
are carried out under the control of remote stations, 
which may be located as far as several hundred feet 
from the search units mounted on the manipulator. In 
locating weld flaws, piezoelectric-based transducers 45 
or eddy-current probes are excited or appropriately 
energized by a remotely-derived signal delivered from 
a control system. The same or another such transduc- 
er then reacts for ultrasonic testing to a received echo 
or an eddy-current response is received to form an 50 
evaluating signal that is transmitted for data acquisi- 
tion to Jie remote control station. 

To achieve continuously reliable examination 
data during the inspection, it is important that the In- 
spection heads carrying the transducer be properly 55 
oriented. In this regard, the transducer should retain 
a consistent of pre-planned orientation with respect 
to the curved surfaces of the inner wall of the vessel 



under inspection. These surfaces of interest may be 
planar, cyllndricai, conical, spherical, parabolic or hy- 
perbolic in nature, including, for example, nozzles. 
Each such geometry results In a specific pattern of re- 
sponse with respect to the transducer being em- 
ployed and the general type of surface being inspect- 
ed is typically known in advance and may be cata- 
loged in computer memory so that digital treatment of 
received data can be optimized. For ultrasonic (UT) 
inspection procedures, pulse-echo and ''pitch-catch" 
transducer configurations are employed in the nucle- 
ar power field. In the case of the pulse-echo config- 
uration, the transducer, preferably, is oriented along 
a local normal to the small, local surface under Inrv 
mediate evaluation, or stated otherwise, its forward 
axis is oriented perpendicularly to the local tangent of 
the curved surface. For ultrasonic testing of the 
pulse-echo variety, this orientation assures an appro- 
priate angle of incidence for an inspecting pulse and 
subsequently refractively affected return or echo sig- 
nal. Orientation of the inspection head plane also is 
important with respect to pitch-catch transducer as- 
semblies wherein two transducers are oriented for 
transmissk>n and reception. Where eddy-current 
probes are employed, proper "altitude** or ''spacing" 
orientation with a level surface under inspection is im- 
portant. Due to the remote nature of the examination 
so carried out, achieving proper orientation and spac- 
ing of the transducers and their inspection heads has 
posed difficulties to practitioners. Typically, the ma- 
nipulator controlled remote inspection heads will In- 
corporate mechanical "feelers" or which are moved 
Into contact with the vessel interior surface to provide 
somewhat tactiiely based orientation information. Ad- 
ditionally, submersible video inraging systems are 
employed with the manipulators to observe the inter- 
k>r wall and head positioning. 

Present inspection head orientation approaches, 
however, are limited due in part to the non-uniform 
nature of the interior surfaces of the vessels. Gener- 
ally, these walls will be covered with a stainless steel 
cladding having a rough outer surface. The cladding 
typically is formed by welding a helix of stainless steel 
wire to the steel wall of the vessel during its construc- 
tion. Thus, surface irregularities In the form of cavi- 
ties, valleys and the like are commonly encountered 
to disorient the inspection plane of inspection heads 
employing tactile positioning systems. 

Summary of the Invention 

In one aspect, this invention provides a position- 
ing system for an inspectk>n head carrying an inspec- 
tion transducer and having a head axis and movable 
with a manipulator maneuverabte under control within 
a fluid couplant to an inspection position adjacent a 
local surface of a body being inspected, comprising : 
an actuator assembly selectively actuable for 
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moving said head upon said manipulatorto selective- 
ly align said head axis with respect to said local metal 
surface; 

first and second ranging ultrasonic transduc- 
ers mounted upon said inspection head, having orien- 5 
tations predetermined with respect to said head axis, 
energlzable in response to a ranging input signal to 
generate an acoustic output impingeable upon said 
local surface and responsive to an acoustic return at 
the termination of a propagation interval to derive a io 
return signal; 

control means for deriving said ranging Input 
signal, responsive to said return signal to derive a nu- 
meric range value representing said propagation in- 
terval, responsive to said numeric range value and a is 
predetermined optimal orientation value to derive ori- 
entation error signals, and for actuating said actuator 
assembly in correspondence with said orientation er- 
ror signals to effect an optimal alignment of said head 
axis with respect to said local surface. 20 

In a further aspect, the invention provides in- 
spection head apparatus for supportive connection 
with a manipulator maneuverable under controls 
within a fluid couplant to carry out the Inspection of 
a local internally disposed surface of a reactor vessel, 25 
comprising a head housing having a confronting sur- 
face with an outer periphery, said housing supporting 
an inspection transducer, and having a head axis per- 
pendicular to said confronting surface; mounting 
means mounting said head housing upon said manip- 30 
ulator for pivotal movement substantially about the 
center thereof at least two spaced ranging ultrasonic 
transducers mounted upon said head housing adja- 
cent said periphery, energlzable in response to rang- 
ing input signals to generate an acoustic output im- 35 
pingeable upon said local surface and responsive to 
acoustic returns at the termination of propagation in- 
tervals to derive return signals; a first head housing 
positioning assembly mounted between said head 
housing and said manipulator and actuable to pivotal- 40 
ly move said head housing about a first axis perpen- 
dicular to said head axis; a second head housing pos- 
itioning assembly mounted between said head hous- 
ing and said manipulator and actuable to pivotally 
move said head housing about a second axis perpen- 45 
dicuiar to said first axis and said head axis; and con- 
trol means for applying said ranging input signals to 
said ranging ultrasonic transducers and responsive to 
corresponding said return signals to derive numeric 
range values representing said propagation intervals, so 
responsive to said numeric range values and memory 
retained optimal orientation values to derive orienta- 
tion error signals, and for actuating said first and sec- 
ond head housing positioning assemblies in corre- 
spondence with said orientation error signals to effect 55 
an optimal alignment of said head axis with respect to 
said local surface. 

In a further aspect, the invention provides the 



method for orienting an inspection transducer mount- 
ed up>on an inspection head having a head axis, and 
which is carried upon and movable with a manipulator 
within a fluid to an inspection position adjacent a local 
surface of a body being inspected, comprising the 
steps of : providing first and second ranging ultrason- 
ic transducers mounted in mutually spaced relation- 
ship about the periphery of said inspection head and 
energlzable to generate an acoustic output impinge- 
able upon said local surface and responsive to an 
acoustic return at the termination of a propagation In- 
terval to derive a return signal; mounting said inspec- 
tion head for pivotal movement about a first axis per- 
pendicular to said head axis and about a second axis 
perpendicular to said first axis and said head axis; 
providing a first Inspection head positioning assembly 
mounted between said Inspection head and said ma- 
nipulator and actuable to pivotally move said Inspec- 
tion head afc>outsaid first axis; providing a second in- 
spection head positioning assembly mounted be- 
tween said inspection head and said manipulator and 
actuable to pivotally move said inspection head about 
said second axis; moving said inspection head with 
said manipulatorto said inspection position adjacent 
said local surface; energizing said first ranging trans- 
ducer; timing the propagation interval of said energ- 
ized first ranging transducer and deriving a first nu- 
meric range value therefrom; energizing said second 
ranging transducer; timing the propagation interval of 
said energized second ranging transducer and deriv- 
ing a siecond numeric range value therefrom; compar- 
ing said first and second numeric range values with 
corresponding optimal orientation values and deriv- 
ing first and second orientation error signals; actuat- 
ing said first and second inspection head positioning 
assemblies in correspondence with said first and said 
orientation error signals to effect a predetermined 
alignment of said head axis with respect to said local 
surface. 

The present invention is addressed to the sys- 
tem, method and apparatus for achieving an optimal 
orientation of an inspection head when positioned by 
a manipulator within a fluid adjacent to a local surface 
to be inspected. Having a particular application to the 
inspection of the Interior surfaces of boiling water re- 
actor or vessels, the orientation of the inspection 
head is carried out by employing a non-tactile ranging 
system for relath/ely short stand-off distances in- 
volved, typically being less than 1 cm, through the 
use of two or more ranging ultrasonic transducers. 
These ranging transducers are positioned about the 
periphery of the inspectbn head. When discretely 
energized, they generate an acoustic output through 
the fluid coupling which will be present, for example, 
as the moderating water contained in a reactor ves- 
sel. The output impinges upon the adjacent local sur- 
faces and reflects as an acoustic return over a prop- 
agation interval to provide an output signal. The prop- 
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agation interval is tinned or quantified and its value is 
compared with optimal orientation values to evolve 
orientation error signals. Maneuvering of the inspec- 
tion head \s carried out by mounting it in a manner 
wherein it is pivotal about at least two axes, for exanrv 
pie, using a gimbal connective technique. Actuator as- 
semblies are provided which are controlled with re- 
spect to the orientation error signals to orient the in- 
spection head to an optimum alignment of the head 
axis of the inspection head with respect to the local 
surface under investigation. The actuating assem- 
blies may be provided, for example, as stepper-mo- 
tors or DC servo motors combined with appropriate 
translational mechanisms mounted between the ma- 
nipulator and the inspection head. 

Propagation interval timing Is carried out through 
the utilization of the pulse sequence of a relatively 
high-frequency system clock in conjunction with 
counter components. By initiating the counting of 
clock pulses from the system clock at the instant of 
energizing the ranging transducers and terminating 
such counting in conjunction with the receipt of a re- 
turn signal atthe terminatton of acoustic propagation, 
a count may be evolved representing a numeric range 
value corresponding with the propagation interval. 
That value then is utilized in conjunction with the not- 
ed optimal orientation values to develop orientation 
error signals for carrying out the alignment of the in- 
spection head. 

Other objects of the invention will, in part, be ob- 
vious and witi, in part, appear hereinafter. 

The invention, accordingly, comprises the sys- 
tem method, and apparatus possessing the construc- 
tion, combination of elements, arrangement of parts 
and steps which are exemplified in the following de- 
scription. 

For a fuller understanding of the nature and ob- 
jects of the invention, reference should be had to the 
following detailed description taken in connection 
with the accompanying drawings. 

Brief Description of the Drawings 

Fig. 1 is a perspective view of a nudear facility 
showing refueling and interior surface inspection 
activities during a planned shut-down; 
Fig. 2 is a partial sectional view of a reactor ves- 
sel and inspection manipulator mechanism with 
portions broken away to reveal internal structure; 
Fig. 3 is a partial side elevation view of an inspec- 
tion head and adjacent local surface to be In- 
spected with relative spacing being exaggerated 
in the interest of clarity; 

Fig. 4 is a front view of the inspection head of Fig. 
3 schematically howing positioning assemt>lies 
for t«vo axes in schematic form; 
Fig. 5 is a block schematic electrical diagram 
showing one channel of the control system for a 



ranging ultrasonic transducer employed with the 
invention; 

Fig. 6 is a schematic drawing of a control system 
for an inspection head configured according to 
5 the invention; and 

Fig. 7 is a flow chart describing a control proce- 
dure employed with the system of the invention. 

Detailed Description of the Invention 

10 

During planned or scheduled shut-downs of nu- 
clear power facilities, activities such as refueling and 
the like are undertaken. During these activities, the 
collateral activities of weld seam inspectk>n and the 
15 like may be carried out Preferably, this inspection is 
performed internally such that the water contained 
within the reactor vessel forms a shield serving to 
minimize radiation exposure to personnel. Looking to 
Fig. 1 , an example of the boiling water reactor (BWR) 
20 component of a nuclear power facility is represented 
schematically at 10. The facility 10 is seen to include 
a reactor vessel 12, the core of which at 14 is under- 
going a refueling procedure during a planned shut- 
down. In this regard, the top head or cap of the vessel 
25 1 2 Is removed and refueling access to the core is pro- 
vided from a refueling bridge 16. Refueling bridge 16 
is seen.mounted at the refueling floor 18 of the facility 
10 and extends over an upper, water-filled pool or re- 
fueling cavity 20. The water level within cavity 20 is 
30 shown at 22. The refueling activity is represented by 
a refueling manipulator 24 shown in the process of 
maneuvering a fuel assembly 26. Simultaneously 
with this refueling procedure, a weld seam inspection 
manipulator assembly, represented generally at 30, Is 
35 seen to be in operation and under the control of con- 
trol stations and the like. These control and data ac- 
quisition stations are located remotely from the ves- 
sel 12, for example up to 200m from vessel 12. In this 
regard, a flexible control and communications cable 
40 32 is seen extending from the manipulator 30 to sub- 
station cabinetry 34. 

Looking to Fig. 2, the reactor vessel 12 is repre- 
sented ata higherlevel of detail, particularly showing 
the structuring of manipulator assembly 30. In thef ig- 
45 ure, the core again is represented at 14 and situated 
• above the core are components typically encountered 
within such vessels 12, such as spargers 36 and 38, 
as well as a variety of nozzles as at 40-43. The core 
14 is located at the belt-line region 46 of the vessel 
50 12 and, also located at this general region, within a 
downcomer annulus are a sequence of elongated 
vertically oriented jet pumps as at 48-50. As Is appa- 
rent, any manipulator such as at 30 must be config- 
ured to maneuver about these various components 
55 within the vessel 12 and to properly orient an inspeo- 
tion transducer such as an eddy-current device or an 
ultrasonic inspection component In particular, the 
orientation of these components with respect to the 
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interior surface of the vessel 12 Is of Importance. 

Manipulator 30 is configured having an upwardly 
disposed circumferential car 52 which partially spans 
and is movedabout an upper guide ring 54, for exanv 
pie, by a position controlling motor 56. Supported 5 
from the circumferential car 52 is a vertically oriented 
mast 58 which extends to and Is additionally movably 
supported upon a lower guide ring 60. Guide rings 54 
and 60 are installed by inspection personnel in the 
course of preparing the vessel 12 for seam weld ex- io 
amination procedures. Vertically movable along the 
elongated edge of mast 58 is an upper search unit or 
head 62 upon which are mounted one or more piezo- 
electric based ultrasonic testing transducers centrally 
thereof, as well as focused or unfocused piezoelectric is 
transducers at the periphery thereof which are enrv 
ployed in accordance with the invention as ranging 
devices for orienting the axis of head 62 with respect 
to the interior surface of the vessel 12. Proper inspec- 
tion procedure requires, for example, the the head 20 
orient the inspecting transducer such that its axis is 
perpendicular to any given local tangent of the interior 
surface of the wall or vessel 12. The search unit 62 
is manipulated by a vertical travel mechanism 64 and 
is in control and communication connection through 25 
a shielded cable 66 with control circuitry. That circui- 
try, for example^ may be mounted upon the mast 58, 
in circumferential car 52 or external to the vessel. 
From that circuitry, communication is further made 
via cabi ing as at 32 in the remote control and data ac- 30 
quisition facilities on refueling floor 18. Manipulator 
30 further is capable of maneuvering an inspection 
assembly within the belt-line region 46 of vessel 12 
through the utilization of a linked belt 70 which is cou- 
pled to the lower portion of mast 58 through a swivel 35 
guide 72. Attached to one edge of the linked belt 70 
is a horizontal travel mechanism 74 which, in turn, 
supports a lower search unit or head 76 which is 
structured In the same manner as search unit 62. The 
horizontal travel mechanism is capable of moving 40 
vertically along one edge of the linked belt 70 and is 
further capable of maneuvering the search unit 76 
horizontally. As in the case of search unit 62, the unit 
76 incorporates not only a testing ultrasonic or eddy- 
current based device positioned, for example, cen- 45 
trally therein but also ranging ultrasonic transducers 
functioning to orient the head component such that 
the head axis representing the orientation of the test- 
ing transducer is perpendicular to a local tangent or 
parallel with a local normal of the interior surface of so 
the wall of vessel 12. Through the utilization, for ex- 
ample of water Jets, the linked belt assembly can be 
manipulated horizontally with respect to the interior 
surface of the wall. Communication between search 
units 76 and local control circuitry is by shielded cable ss 
such as coaxial cable 78. 

Looking to Fig. 3, an inspection head such as 
may be employed at 62 and 76 is represented in slm- 
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plif led and exaggerated scale fashion at 90. The head 
90 is shown spaced from an irregular internal surface 
92 of vessel 12. That spacing, typically, will be about 
1 cm. Not seen In the figure is the water coupiant 
within the vessel 12. Head 90 includes a disk shaped 
head support or housing 94 which, in turn, is mounted 
upon, for example, mast 58 or linked belt 70 through 
appropriate support mechanisms which permit multi- 
axis gimbal movement as represented by the gimbal 
mounting 96. Looking additionally to Fig. 4. the hous- 
ing 94 is seen to support a centrally disposed inspec- 
tion transducer 98 which, for example, may be of an 
ultrasonic or eddy-current variety. Additionally, other 
such transducers may be mounted upon the housing 
94. Disposed peripherally about the housing 94 are 
four ranging or focused ultrasonic transducters 100- 
103. Loocking particularly to Fig. 3. a head axis 106 
is shown extending centrally through the transducer 
98 and orthogonally with respect to the inwardly dis- 
posed surfece 108 of housing 94. Head axis 106 will 
having a known or predetermined sound propagation- 
al relationship to the transducer 98 and is seen ex- 
tending to the irregular surface 92 of vessel 12. In this 
regard, for the Instant demonstration, head axis 106 
is seen to be perpendicular to a local tangent 110 at 
a local region of surfece 92. To carry out optimized 
evaluation of the surface 92, the inspecting transduc- 
er 98 preferably is oriented having a known or consis- 
tent attitude with any local component of surface 92. 
Where variations occurand the orientation varies sig- 
nificantly, then the data evolved from the inspecting 
transducer 98 may be inaccurate. Such a non-stan- 
dard orientation of the inspection head 90 is repre- 
sented In phantom, for example, at 90', the head axis 
for such orientation being represented at 106'. By 
compiling data representing the range between the 
surface 92 and each of the ranging transducers 100- 
103, a computer controlled consistency may be 
evolved In the traversing activities of inspection 
heads as shown in the figures at 62 and 76. Since the 
sensitive zones of the transducers 100-103, upon 
their excitation, form sonic cones, interpreting sur- 
face 92, the time-of-fllght or propagation Interval can 
be used to measure the distance to the closest point 
on the surface within the sonic cone or the data can 
be used to actively averages small areas of the sur- 
face roughness, automatically measuring the mean 
surface orientation, or normal vector, with respect to 
the ranging transducer. A small manipulating device 
is represented in Fig. 3 at 112 in alignment with head 
axis 106. The device 112 may be a small position re- 
sponsive motor such as a stepper-motor which func- 
tions to rotate inspection head 90 about head axis 106 
as represented by the directional arrow 114. 

Looking to Fig. 4, a similar manipulating arrange- 
ment is provided. In this regard, a manipulating de- 
vice 116 Is shown aligned with transverse axis 118. 
Through the employment of an appropriate transia- 
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tional mechanism In conjunction with, for example, a 
stepper-nrator for device 116. a rotation of the head 
90 about axis 118 may be provided. In similar fashion, 
a manipulating device 122 such as a stepper-motor 
and associated aanslabonal mechanism may be em- 
ployed to rotate the inspection head 90 about axis 124 
as represented by the arrow 126. With the arrange- 
ment shown, head 90 may be maneuvered beneath 
the water surface within vessel 12 essentially with 
any degree of freedom desired. As noted earlier, in- 
ward and outward movement may be supplied from 
the manipulator assembly 30 itself. 

The number of positioning assemblies as at 112, 
116, and 122 required will include at least those 
shown at 116 and 122 for carrying out the relative ad- 
justment of head 90 in terms of its orientation with re- 
spect to surface 92. The number of ranging devices 
100-103 also may be varied to suit the needs of the 
user. Three and preferably four of the devices are em- 
ployed for the instant orientation purpose, it being ap- 
parent that the more such devices being utilized, the 
more data being available for orientation analysis. 

Each of the ranging transducers 100-103 is oper- 
ated with a separate control. That control then pro- 
vides numeric range data to a computer based control 
function. Looking to Fig. 5, one such control or signal 
generating circuit is shown generally at 130. The cir- 
cuit 130 perfornis in conjunction with an ultrasonic 
transducer as represented at 132. Transducer 132 is 
actuated or fired by a ranging Input trigger signal as- 
serted thereto as represented at line 134 from a trig- 
ger pulse generator network represented at block 
136. The network 136 will provkie a triggering output 
pulse at line 134 having an inter-pulse interval of val- 
ue greater than the maximum propagation interval 
anticipated for an acoustic signal to be propagated 
from the transducer 132 and to be reflected from the 
surges as at 92 back to the transducer. In this regard, 
the type of transducer 136 employed is of a pulse- 
echo variety, however, a pitch-catch method may also 
be used. This transmission of the signal is represent- 
ed symbolically at 138. The network 136 may operate 
Independently of any computer based system pulse 
or may be synchronized with a computer based dock. 
However, with the assertion of a ranging input trigger 
signal, an acousbc output which is impingeable upon 
the local surface 92 (Fig. 3) is generated and, simul- 
taneously, a reset signal is provided as represented 
at line 140 to a binary counter 142. The ranging input 
trigger signal at line 134 also is directed as represent- 
ed by line 144, to the reset input terminal of a reiset 
flip-flop or monostable multivibrator 146. This reset- 
ting procedure applies a predetermined logic level 
such as a logic high level at the Q terminal output 
thereof which, in turn, Is coupled by line 148 to one 
input of an AND gate 150. The opposite input to gate 
150 is developed from a system dock represented 
symbolically at 152 and shown providing outputs at 
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line 154 and 156 to the opposite input to gate 150. 
Line 154 also is shown being directed to the enable 
input of device 146. With the arrangement as shown, 
with the application of the reset input to device 146 

5 from line 144 the transmission of a dock output pulse 
sequence to the dock input of counter 142 through 
line 158 may occur. In effect, device 146 In conjunc- 
tion with gate 150, form a counter control network 
generally represented at 160 which provides a count 

10 enable function. Generally, the system clock 152 will 
provkle a relatively high frequency pulse sequence 
output for example, in the 60 to 80 MHz range. 

As the acoustic signal propagated by the trans- 
ducer 1 32 impinges upon local surface 92, it is ref lect- 

15 ed and that reflected signal will exhibit a peak ampli- 
tude characteristic as represented at wave symbol 
162. Transducer 132 detects this signal and transmits 
a corresponding electrical signal as represented at 
line 164 to a peak detector 166. Detector 166 re- 

20 spends to the receipt of the peak amplitude to derive 
a detect output at line 168 which is directed to the en- 
able input of a data latch 170. The D terminal input of 
latch 170 is coupled to -i-v source and, thus, the Q ter- 
minal output thereof at line 1 72 provides a logic high 

25 value representing a propagation interval termination 
output Line 172 is seen to be coupled to the S termi- 
nal of RS flip-flop 146. This input,, in turn, removes 
the logic high at the Q terminal thereof and line 148. 
Inasmuch as the enable input of device 146 is cou- 

30 pled to system clock output line 1 54, the presence of 
clock pulses from line 156 does not create an ANDing 
condition and the application of the sequence of puls- 
es at line 158 is terminated. A pulse count value then 
is present within counter 142 which is a binary range 

35 value presented to a control computer as represented 
by line 174 and the symbol "N2-. Note that +v source 
is shown asserted to counter 142 to maintain its en- 
ablement throughout the operatk)n of the signal 
treatment circuit represented by Fig. 5. 

40 Referring to Fig. 6, four signal generating net- 

works as described at 130 in connection with Fig. 5 
are represented at symbols 130a-130d. Each of the 
networks 130a-1 30d is seen coupled through respec- 
tive lines 164a-164d to earlier-described ranging 

45 transducers 100-103. As described in connection 
with Fig. 5, these lines carry the return signals from 
the ranging transducere. Trensducere 100-103, are 
shown at the surface 108, now represented in dotted 
fashion at 108' which is associated with the housing 

so or head 90 as shown herein at 90", the association 
being represented by line 180. Manipulating devices 
112, 116, and 122 again are represented in the figure 
as stepper-motors and In primed fashion. The trans- 
lationai outputs of these motors are represented, r&- 

55 spectively, at lines 1 84, 1 88. and 1 88. Note in this re- 
gard that line 184 is coupled with earlier-described 
and now primed axis 106', while line 186 is shown op- 
eratively assodated with axis 118 here shown in 

6 
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primed fashion and line 188 is shown associated with 
axis 124. here also shown in primed fashion. 

The controlling computer as represented at block 
190 is seen to be functionally associated with clock 
1 52. here shown In primed fashion* by an association s 
line 192. For the instant association, the clock func- 
tion 152' is synchronized with the development of the 
earlier-described ranging input signals or trigger sig- 
nals and the trigger outputs of the clock function 152' 
are represented at lines 94-97 extending, respective- ip 
ly. to transducers 100'-103'. The high frequency sys- 
tem dock outputs from clock function 152' are seen 
directed to signal generating networks 1 30a-1 30d. re- ^ 
specttvely, through lines 200-203. 

With the arrangement shown, transducers 100'- is 
103' are triggered from respective lines 194-197 to 
propagate an acoustic signal to the local interior wall 
surface. The return echo is detected by the transduc- 
ers 1O0'-103' and when detected, appropriate return 
signals are provided at respective lines 164a-164d 20 
which, In turn, are directed to signal generating cir- 
cuits 130a-130d. The latter circuits generate binary 
values representing numeric range values at respec- 
tive lines 174a-174d which are directed to the com- 
puter function 190. Computer 190 utilizes these val- 26 
ues in conjunction with corresponding predetermined 
optimal orientation values to derive orientation error 
signals. These signals then are employed for the pur- 
pose of selectively actuating the stepper-nrtotors 112', 
116'i and 122'.4n this regard, the signals will be gen- 30 
erated as binary values and presented at output lines 
206-208 whichi in turn, are directed to the inputs of 
respective digital-to-analog converters 212-214. 
Converters 212-214 convert the binary error signals 
to analog equivalent signals. These analog signals 35 
are directed as represented by lines 216-218 to step- 
per-motors 112'. 116'. and 122'. Those motors are 
then correspondingly energized to provide a transla- 
tional correction to the head 90". There thus Is devel- 
oped through earlier-described respective linkages 40 
or outputs 184, 186 and 188 an optimal orientation of 
the head 90" with respect to head as 106'. 

Now looking to Fig. 7, a logic diagram under 
which the computer function 1 90 may perform is por- 
trayed. The logic diagram commences with a start 45 
node 230 whereupon, as represented at block 232, 
the system is initialized. Following such initialization, 
as represented at block 234, the position of head 90 
is read as it last existed in memory. With that data re- 
called, then, as represented at decision block 236, a so 
determination is made as to whether the position as 
it exists Is correct For an Initial cycle, the determina- 
tion will be in the negative as represented at block 
238, but with the development of data as to count ori- 
entation, the head 90 will assume an optimal align- ss 
ment Thus, where such alignment Is not achieved, a 
trigger pulse or ranging input signal is generated as 
represented at block 240. The computational cycle in- 



volved is short compared to the resultant mechanical 
mements of head 90 such that such movement will 
appear as continuous. It is smoothed by using greater 
than eight data bits, which also reduces quantization 
error. 

Returning to decision block 236. where a posi- 
tion orientation is determined to be correct, then as 
represented at line 242 and block 244, a dwell or 
'wair interval occurs such that the remotely located 
operating personnel may determine whether or not to 
stop the orientation program after concluding surface 
testing. Accordingly, the program continues as repre- 
sented at line 246 and decision block 248 wherein a 
determination is made as to whether an interrupt 
from the operator has occurred. In the event that It 
has, then as represented at line 250 and node 252, 
the program stops until another start-up condition oc- 
curs. Where no interrupt is received, the program 
continues as represented at line 254 and block 240, 
the latter, as before, calling for the emission of a trig- 
ger pulse or ranging input signal. Following the emis- 
sion of such signal for a given channel associated 
with one of the ranging transducers, as set forth at 
block 256, the system waits until an acoustic return 
occurs at the termination of a propagation interval. 
This waiting period represented at block 256 is select- 
ed as the maximum which the system will permit. 
Then, as represented at block 258, surface reflec- 
tions or acoustic return is detected. This will have 
been treated by the signal treatment network of Fig. 
5 and will be recognized by the computer with the out- 
put at line 174. The program then continues as rep- 
resented at block 260 where the time delays repre- 
sented by a propagation interval are digitized. In this 
regard, while the output of counter 142 may be binary, 
some interface formatting may be called for prior to 
its use by t he computer. Then, as represented at block 

262, the program responds to the numeric range val- 
ue and to a predetermined optimal orientation value 
to derive orientation error signals or corrections. 
Such corrections then develop new binary head pos- 
ition values which are stored as represented at block 

263. Additionally, upon developing these orientation 
error signals, as represented at block 264, orientation 
error signals or correction bits are developed for se- 
lectively actuating head positioning assemblies with 
drives such as stepper-deviceis 116 and 122. Follow- 
ing is actuation, as represented at block 266. a wait 
or dwell interval occurs, again giving the operator an 
oportunity to interrupt the program. In this regard, the 
program is seen to loop as represented at line 268 to 
the inquiry at line 270. At this juncture, the program 
permits an interrupt or response to an interrupt on 
the part of operating personnel. Accordingly, if such 
interrupt is present, then as represented at line 272 
and node 274, the program Is stopped until the oper- 
ator determines to commence it again at node 230. In 
the event that no interrupt is present at this point in 
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the program, then as represented at line 276. thiB 
head 90 positions are read again from memory as 
represented at block 234. 

Since certain changes may be made in the above 
system, apparatus, and method without departing 
from the scope of the invention herein involved, it is 
intended that ail matter contained in the' above de- 
scription or shown In the accompanying drawings 
shall be interpreted as illustrative and not in a limiting 
sense. 



Claims 

1. A positioning system for an inspection head car- 
rying an inspection transducerand having a head 
axis and movable with a manipulator maneuver- 
able under control within a fluid couplant to an in- 
spection position adjacent a local surface of a 
body being inspected, comprising: 

an actuator assembly selectively actuable 
for moving said head upon said manipulator to se- 
lectively align said head axis with respect to said 
local metal surface; 

first and second ranging ultrasonic trans- 
ducers mounted upon said Inspection head, hav- 
ing orientations predetermined with respect to 
said head axis, energize ble in response to a rang- 
ing input signal to generate an acoustic output inv 
pingeabte upon said local surface and responshve 
to an acoustic return at the termination of a prop- 
agation interval to derive a return signal; 

control means for deriving said ranging in- 
put signal, responsive to said return signal to de- 
rive a numeric range value representing said 
propagation interval, responsive to said numeric 
range value and a predetermined optimal orien- 
tation value to derive orientation error signals, 
and for actuating said actuator assembly In cor- 
respondence with said orientation error signals 
to effect an optimal alignment of said head axis 
with respect to said local surface. 

2. The positioning system of Claim 1 in which said 
actuator assembly comprises : 

first stepper-motor means responsive to 
said range error signals having a translational 
output with said manipulator for pivotally moving 
it atx)ut a first axis orthogonally disposed vinth re- 
spect to said head axis; and 

second stepper-motor means responsive 
to a said range error signal to have a translational 
output coupled with said manipulator for pivotally 
moving it about a second axis orthogonally dis- 
posed wit h respect to said first axis and said head 
axis. 

3. The positioning system of Qafm 2 in which said 



actuator assembly further comprises third step- 
per-motor means responsive to a control input 
from said control means for effecting a select ro- 
tation of said manipulator about said head axis; 
5 and 

said control means is responsive to an op- 
erator derived input to effect derivation of said 
control input 

10 4. Inspection head apparatus for supportive con- 
nection with a manipulator maneuverable under 
controls within a fluid couplant to carry out the In- 
spection of a local internally disposed surface of 
a reactor vessel, comprising: 

15 a head housing having a confronting sur- 

face with an outer periphery, said housing sup- 
porting an inspection transducer, and having a 
had axis perpendicular to said confronting sur- 
face; 

20 mounting means mounting said head 

housing upon said manipulator for pivotal move- 
ment substantially about the center thereof; 

at least two spaced ranging ultrasonic 
fransducers mounted upon said head housing ad- 

25 Jacent said periphery, energizable in response to 

ranging Input signals to generate an acoustic out- 
put impingeable upon said local surface and re- 
sponsive to acoustic returns at the termination of 
propagation Intervals to derive return signals; 

30 a first head housing positioning assembly 

mounted between said head housing and said 
manipulator and actuable to pivotally move said 
head housing about a first axis perpendicular to 
said head axis; 

35 a second head housing positioning as- 

sembly mounted between said head housing and 
said manipulator and actuable to pWotally move 
said head housing about a second axis perpen- 
dicular to said first axis and said head axis; and 

40 control means for applying said ranging in- 

put signals to said ranging ultrasonic transducers 
and responsive to corresponding said return sig- 
nals to derive numeric range values representing 
said propagation intervals, responsive to said nu- 

45 meric range values and memory retained optimal 

orientation values to derive orientation error sig- 
nals, and for actuating said first and second head 
housing positioning assemblies In correspon- 
dence with said orientation error signals to effect 

50 an optimal alignment of said head axis with re- 

spect to said local surface. 

5. The apparatus of dalm 4 in which four spaced 
said ranging ultrasonic transducers are mounted 

55 upon said head housing adjacent to said periph- 

ery. 

6. The apparatus of daim 4 including a third head 
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housing positioning assembly mounted between 
said head housing and said manipulator and ac- 
tuable by said control means to selectively rotate 
said head housing about said head axis. 

5 

7. The apparatus of claim 1 or 4 In which said control 
means comprises : 

a system dock having a clock output pulse 
sequence of predetermined clock frequency; 

a signal generating network including: *io 

a trigger pulse generator network deriving 
said ranging input signal for application to said 
first ranging ultrasonic transducer; a detector net- 
work responsive to said return signal to provide 
a propagation interval termination output; and is 

counter means responsive to said ranging 
input signal and said dock output pulse sequence 
to commence the counting thereof, and respon- 
sive to said propagation Interval termination out- 
put of terminate said counting of said clock output 20 
pulse sequence to derive saki numeric range val- 
ue. 

8. The apparatus of daim 7 in which said detector 
network Includes: 25 

a peak detector network responsive to 
. said return signal for deriving a detect output; and 

latch means, responsive to said detect out- 
put for deriving said propagation Interval termin- 
ation output 30 

9. The positioning system of aaim 7 in which said 
trigger pulse generator network derives said 
ranging input signal as a pulse having an inter- 
pulse interval of length selected greater than said 35 
propagation interval. 



10. The apparatus of daim 7 In which said counter 
means connprises: 

a binary counter having a clock input, a re- 
set input and an output for providing said numeric 
range value; and 

a counter control network having a first in- 
put responsive to said ranging input signal for de- 
riving a count enable output, and to said dock out- 
put for applying said clock output pulse sequence 
to said binary counter dock input in the presence 
of said count enable output. 



11. The apparatus of claim 10 In which said counter 
control network is responsive to said propagation 
interval termination output for terminating said 
count enable output to terminate said application 
of said clock output pulse sequenced 

1Z The apparatus of daim 7 in which said counter re- 
set Input is coupled with said trigger pulse gener- 
ator network and is responsive to said ranging in- 
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put signal for resetting to an initial state for com- 
mmencing the generation of a said numeric range 
value. 

13. The method for orienting an Inspection transduc- 
er mounted upon an inspectbn head having a 
head axis, and which is carried upon and mov- 
able with a manipulator within a fluid to an in- 
spection position adjacent a local surface of a 
body being inspected, comprising the steps of: 

providing first and second ranging ultra- 
sonic transducers mounted in mutually spaced 
relationship about the periphery df said Inspec- 
tion head and energizable to generate an acous- 
tic output Impingeable upon said local surface 
and responsive to an acoustic return at the ter- 
mination of a propagation interval to derive a re- 
turn signal; 

mounting said inspection head for pivotal 
movement about a first axis perpendicular to said 
head axis and at>6ut a second axis perpendicular 
to said first axis and said head axis; 

providing a first inspection head position- 
ing assembly mounted between said inspection 
head and said manipulator and actuable to pivo- 
tally move said inspectkin head about said first 
axis; 

providing a second inspection head posi- 
tioning assembly mounted between said inspec- 
tion head and said manipulator and actuable to 
pivotally move said lnspectk>n head about said 
second axis; 

moving said inspection head with said ma- 
nipulator to said inspection position adjacent said 
local surface; 

energizing said first ranging transducer, 

timing the propagation interval of sakl 
energized first ranging transducer and deriving a 
first numeric range value therefrom; 

energing said second ranging transducer; 

timing the propagation interval of said 
energized second ranging transducer and deriv- 
ing a second numeric range value therefrom; 

comparing said first and second numeric 
range values with corresponding optimal orienta- 
tion values and deriving first and second orienta- 
tion error signals; 

actuating said first and second Inspection 
head positioning assemblies in correspondence 
with said first and second orientation error sig- 
nals to effect a predeternru'ned alignment of said 
head axis with respect to said local surface. 

14. The niethod of claim 13 including the steps of: 

providing third and fourth ranging ultra- 
sonic transducers mounted in spaced relation- 
ship with said first and second ranging ultrasonic 
transducers about the periphery of said inspec- 
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tion head and energizable to generate an acous- 
tic output innpingeable upon said jocal surface 
and responsive to an acoustic return at tlie ter- 
mination of a propagation interval to derive a re- 
turn signal; 5 

energizing said third and fourth ranging ul- 
trasonic transducers; 

timing the propagation intervals of said 
energized third and fourth ranging transducers 
and deriving respective third and fourth numeric io 
range values therefrom; 

comparing said third and fourth numeric 
range values with corresponding optimal orienta- 
tion values; and 

deriving said first and second orientation \ is 
error signals with respect to said first, second, 
third and fourth numeric range value compari- 
sons. 

15. The method of claim 13 in which said step for tim- 20 
Ing the propagation Interval of said energized 
first ranging transducer Includes the steps of: 

providing a system clock sequence of 
pulses at a predetermined fixed frequency; 

providing a counter for receiving said se- 25 
quence of pulses and carrying out the counting 
thereof between run and stop inputs; 

providing said run Input in response to said 
energization of said first ranging transducer, and 

providing said stop input in response to 30 
said return signal. 
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